Summary sentence: We show that MeCP2 is essential for normal placenta development and demonstrate how paternal X chromosome inactivation in extraembryonic tissues confers a survival disadvantage for carriers of mutant maternal MeCP2_e2 allele.
SUMMARY
and also known as MeCP2A or MeCP2β), is generated by splicing of all four exons and has a translation start site in the middle of exon 2.
The more recently discovered isoform, MeCP2_e1 (translational start site in exon 1, and also known as MeCP2B or MeCP2α), results from alternative splicing of exons 1, 3
and 4 and has a translation start site in exon 1 (9, 10) . Their relative expression levels vary among tissues, with MeCP2_e1 being more dominant in adult brain while MeCP2_e2 is expressed more abundantly in placenta, liver, and skeletal muscle (10) . The most common
MeCP2 mutations in RTT occur in exons shared by both isoforms (11) . However, no mutation in the MeCP2_e2-defining exon 2 has ever been reported in RTT.
In this study, we performed specific disruption of the MeCP2_e2-defining exon 2 using Cre-LoxP system and examined the consequences of selective loss of MeCP2_e2 function in vivo.
EXPERIMENTAL PROCEDURES

Selective Targeting of MeCP2_e2
The MeCP2_e2 null allele was generated by
Cre-recombinase-mediated excision of exon 2 in MeCP2_e2 conditional mice ( 
Generation of MeCP2_e2 null mice
7
All animal studies were performed with approval of the Animal Care Committee of the National Institute of Neuroscience, National
Center of Neurology and Psychiatry, Japan.
RT-PCR and real time quantitative PCR
We prepared 3-8 fresh frozen brains and placentas of various genotypes at 13.5 days post-conception (dpc), and postnatal days 0 (P0) and 28 (P28 
Statistic analysis
Statistical analysis was performed using the Chi-square test. Animal crossings were performed to evaluate the effect of parent-specific transmission of the MeCP2_e2 null allele using appropriate sample sizes.
Statistical significance of the expression levels was evaluated using Student's t-test with a significance level of p<0.05.
RESULTS AND DISCUSSION
MeCP2_e2-null mice generation
We generated the MeCP2_e2 mutant allele (Table 1a) .
Similarly, in X e2-X wt and X e2-Y pairings, X e2-Y and X e2-X e2-births were reduced by 50% and 60%, respectively (Table 1c ). In contrast, birth rates of X wt X e2-females (having a paternal X e2-)
did not deviate from the expected values (Table   1b, To further delineate the time period at which selection against embryos carrying maternal MeCP2_e2 null alleles occurred, we examined the genotype distribution at 13.5dpc
and observed similar trends (Tables 2a, 2b ).
Moreover, we did not find any evidence of In mouse extraembryonic lineages such as placenta, the paternally derived X chromosome undergoes preferential inactivation, a phenomenon called imprinted paternal X chromosome inactivation (XCI) (21, 22) . Hence, we examined the effect of MeCP2_e2 deficiency in placenta tissue at 13.5 dpc.
Interestingly, placentas of embryos carrying a maternal MeCP2_e2 null allele exhibited increased apoptosis which was more notable in placentas of males (Fig. 3) . These TUNEL-positive cells expressed peg-1 ( Supplementary Fig. 1 ), an imprinted gene known to function in placenta development (23, 24) . In contrast, very few apoptotic cells were observed in placenta of X wt X e2-embryos carrying a paternal MeCP2_e2 null allele (Fig.   3 ). In addition, immunostaining revealed increased peg-1 levels in cells expressing CXCR4, a trophoblast marker (25) , in placenta of animals carrying a maternal MeCP2_e2 null allele (Fig. 4, Supplementary Fig. 1 (Fig. 5a ), in concordance with our immunohistological findings. The mRNA levels of the other three genes were unchanged (Fig.   5a ). In placentas of animals carrying the MeCP2 two-isoform knockout allele, peg-1 expression was also elevated (Fig. 5b) . The peg-1 transcript levels were not due to deregulation of imprinting in placenta since imprinted paternal XCI was found to be intact in these animals (Fig. 5c) We have earlier stated that we found the implantation process to be normal for these animals. Moreover, at 13. 
